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ABSTRACT

Using Jordan and Anderson's earth model Bl, we calculated theoretical
travel times, depth allowance tables, branch interval times, and B factors for
all PKP phases; the results are in tabular form. Travel times are calculated

with polynomial approximations, and those coefficients are also computed.

New additions to those tables are the data for the CD branch, which are
the PKiKP arrivals in the distance range of 109° to 158°. Although travel
times of the CD branch fall within a few seconds of the travel times of the
DF branch, amplitudes of the CD branch signals are larger than those of the

DF branch signals in most of the covering range.

Discrepancies of theoretical travel times from the table based on Bolt's
observations are calculated to show that tables presented here are adequate

for practical use.
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INTRODUCTION

This report presents a complete set of theoretical PKP data in conven-
ient tables, including tables of travel times of each branch at one degree
intervals and at nine different source depths. Also calculated are depth
allowance tables, branch interval times at various depths, and B factors for

various depths.

While such tables are essential tools for data analysts and for computer
programs analyzing PKP phases, only a few tables have been published. There-
fore, many workers have been forced to rely upon Jeffreys' and Bullen's (J-B)
seismological tables (1958), which do not give PKP travel times in conven-
ient one-degree intervals. Later, Travis (1965) published a complete set of
interpolated J-B tables for 40 different phases, both for practical use and to
avoid numerous repetitive interpolations. However, the PKP travel times in
the J-B tables are, according to workers, in error by approximately two
seconds. Recent PKP tables, such as Hai's (1963) or Engdahl's (1968), derived
from observational explosion data, are not listed at one degree intervals
and they are for only one depth. Bolt (1968) published another, more widely
used, table of PKP travel times at one degree intervals. This table is for
surface focus and incorporates a depth allowance table to compensate for the
source depth factor. However, more recent studies have indicated that the
GH branch in the Bolt's table is suspicious (for example, see, Engdahl, 1968;

Cleary and Haddon, 1972),

Jeffreys, H. and Bullen, K. E., 1958, Seismological Tables: British
Association for the Advancement of Science Publication.

Travis, H. S., 1965, Interpolated Jeffreys and Bullen Seismological Tables,
Geotech, TR-65-35, Garland, Texas.

Hai, N., 1963, Propagation des Ondes Longitudinales dans le Noyau Terrestre;
Ann. Geophys., 19, 285-346.

Engdahl, E. R., 1968, Core Phases and the Earth's Core, Ph.D. Thesis, St.
Louis University.

Bolt, B. A., 1968, Estimation of PKP Travel Times; Bull. Seism. Soc. Am., 58,
1305-1324.

Cleary, J. R. and R. A. W. Haddon, 1972, Seismic wave scattering near the
core-mantle boundary: a new interpretation of precursors to PKP;
Nature, 240, 549-551.
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To fill this void a new set of PKP tables without these shortcomings
is needed. We have adopted Jordan and Anderson's Earth model Bl (1974) and
computed theoretical travel times and amplitudes. However, the accuracy of
these values depends upon ti:e model, a subject bevond the scope of
this report. While some workers may argue that a better model exist<, this
model remains a widely accepted 'typical' earth model (for example, Jacobs,
1975) and travel times of PnKP phases agree with our observations at the
Seismic Data Analysis Center (SDAC). A new contribution of this report is
the addition of the receding CD branch, or the PKiKP phase, in the range of
109° to 158°. Although many previous studies have neglected this phase,
experience shows that the signal is nonetheless commonly observable in this

range. However, while this fact has been cited by Bolt (1968), Hai (1963),

and Engdahl (1968), none included this branch in their tables.

Jordan, T. H., and D. L. Anderson, 1974, Earth structure from free
oscillations and travel times; Geophys. J. R. Astr. Soc., 36, 411-459.

Jacobs, J. A., 1975, The Earth's Core: New York, Academic Press.
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COMPUTATION OF TRAVEL TIMES

We computed theoretical travel times with Engdahl's (1968) program,
CORE, and with Jordan and Anderson's model Bl, (1974). CORE was modified
to compute the receding CD branch in the range of 109° to 158°. These
travel times are tabulated in Table I, In Table II, depth allowances, i.e€.,
the travel time differences of PKP surface events and PKP depth events, are
tabulated. This table is useful in estimating event depth when a discrep-
ancy is found between the expected arrival time and the actual arrival time.
In Table III branch interval times, or the difference in travel times between
two PKP phases, are shown in various combinations and depths. This table
can be used to determine or to adjust the epicenter to station distance when

two PKP phases are identified in the record.

To evaluate the travel times, those computed with model Bl were compared
to Bolt's PKP travel times, which were based upon observed data. However,
because Bolt's tables do not have a BC branch, we compared the GH branch
of the Bolt's table with the BC branch of the model Bl; Figure 1 details the
result. When comparing Bl to other models, we have shown the travel time
difference of Bolt's travel times with the theoretical travel times computed
with Herrin's (1968) mantle and Qamar's core model KOR5 (1973). The dotted
lines in Figure 1 show this model's travel time difference. In this
comparison, both models agree within one second with Bolt's travel times
for the AB and DF branches. Although the KOR5 times seem closer to Bolt's
values, there are several discrepancies: 1) Qamar's DF branch terminates at
120° while Bolt's value extends to 109% and 2) the GH branch terminates at
141° whereas Bolt's GH branch extends to 125°., 1In general, model Bl is
adequate for modern use, because an error of one second is within the

bounds of observational uncertainties.

Herrin, E., 1968, P-Wave Velocity Distribution in the Mantle; Bull. Seism.
Soc. Am., 58, 1223-1225.

Qamar, A., 1973, Revised Velocities in the Earth's Core; Bull. Seism. Soc.
Am., 63, 1073-1106.

“M ’m‘ },‘W I o o e o e e ———-




~
3~

x
o w
[}
o
-
5
Q
m
(=T 75}
(=}
b
=
| o
(9]
n
[« 5]
<
\O
4
¥
e of g
om
= (&)
L | oy
e sl oS wn
0o o
(@] ("}
[+ %% = =
< t o
]
(o784
xO
uen ()
~ m
A Y R B 7
[43] (e o} o
P = = 4
2 ¢~ -
B xa
(24
[ el
9]
w2 (o]
[ < w
>0 o
< (Y, ™
@O -
[ i) =
N
(@)
P
(=7}
o
o
=
e
(5
L 3
c
(=}
L od
>z
x
v
b
vi
[}
*
x

P ama: ammrnean ~ D e e et i St

OO IO~ O I MM ™=MO O M NS NOUON

DO O TONNT I eI TNOOUMENY =N OC T TO00

" 9 0 o 0 g P e 0 g 0 0 0 et e 0 gt g8 g % 9 g 3t eV e

oMo NOe= g AN~ -COITMINN~OOICOOO
e ANNNMM S DU e tIONMMAM I 3N Lol 2

o ols ole ofl. ol oo o 1= & ol ofl< olv o¥. of o o] s ople Yoo Ao Ao Ao o« e gl al= s el Tl ol ol ol ol =]

[k oLl el g S el ol el ol el o ol ol ok el o ol ol ol ol ol ol ol oV e [ [a VLoV |

TONCOD™ S OVNYWOMO S CU O NNOCNINANE MO O
oot~ otNntoMeOMETroMENVONOIOMENOCOO
0 ¢ 0 0 02 0 0 g0 B 0 % 9 0 g 0 PP e 0 e 20 g
I NTMOENCOTCMENOONTMEANN-COoOIMaN~COoOO
=N O MM OO ——CAONEA M 2 A ——tuny

CXETCXTXTTROXTXOONTTTTT TN OT OOOOOOOODO
o = = V= P = O e P e T e P e T e OO

OO NUoOTCYINTMFE MO CONUNNONC—\C~—O 3~
OO CcCOMU a3t m20oNOONOT R ANC~INO I IO
LI I T T B T N T R NI B B R T I R T I T T T T B T T I R T I )
COVCITONOOUr oM NOONT ML ™Y OIOCMONN™Y OO
(- [aalanlagls &~ dValVai Vgl —rONANONMO I TN —rONNTMM Y

oD TTTOCTOTOoOCOoCOCOCOCOC
Ll a ol ol ool ol ol ol ok ol o ol el ol ol ol ol el ol ol ol oV [N [N TaN TN TN FoN To VTN ToN

oo oOCNCO 30 L SRTOMET MO NT IO~
CINOCCOCCTMIVO r~INCOINT U IOENCCITMONSNCOC
% 9 % o % 9 % g P s P g ¥V BN e g% P g o
CLOITANLOITANR—NOIOMNS OO FON~CONTOO
MIIICN Lot ada\Tat [alaslaghs & JVallol NNy

oL LTHT OO TN OOCOOOOOOCOOOCO
P e e e e e e OO A AN A I AN NN

Nellale oV oolal of SNV el. aloa Lol odos ] oalagle gl of e oXo o8 fagiVeloalagl oV W oV [o o1 Vo oV |
OUNNC OO~ NMUNOMOT NV~ NN C ION~ =N O
90 o 0 ¢ 0 0 P o % 9 0 9 % ¢ " & 0 4 0 g 0t g 0 g N TS P Y Y YS
COOITALNCTIONNARNOITANN"POUNT MONMS=COIIC MO
S {"allalVal e QIO MAA S 3O e AN IO

(1o ofe oo 575 oo Moo oo o i¥o Sle ol oplle Joplo oplo N ol olalel ol olelaleololelolelal ol el
e T e e e e e T e e N NN NN AN N IR NN N

COOC M NPT Me=CO~NIAO IO
OCCOCNCOTO™MNAILT—INT ITNCOITND™ N IOmM~NEO
@ 0 0 f 0 0 0 0 8 % 0P B0 0P e et oo
OOV N~ NT M ANCONNOMaAN~R~NO 0 MENC O IO

—e AN ST e NNM M N -

CCOOCOC oo OO OO OOOCCOCOCTCOTOCrv~r=C
e e e e e e NN AN AN AN NN AN N

CNORCTr= TS MOONUINS O™ O™ O ND Y
CCLIMNANFMMNOT=MEOONL M=o MANO™NCIOMAO
90 * 4 P g 0 a0 gt e Y e
OOoONVWOCITNOOICMETLCOITMNINLC=NOXICMATANO O

—rNANNMM Y N e NAM A 3 O ey

OO0 N0 CO O C o0 CTOOOCCOOOCOTOOOOOr~errereerO
Lol b a ool kol ol b ol ol aal oV I [Nl [N [ (ol [o oV [t To Mgt [o Il It [N I o ot [V g}

COoOVrOoronNICro0 ~UrQrCe ot nounoemo
OCM= 0 CCCCANIVT™IIrINTANLOIOME OO0 M0
e ¢ 0 g & g 0 4 F 3 8 P PP o eV g0 gt
OOIT = NTMONOOIOMENOUONT IT AN~ LCOU M N~

NN I I —NONTMM IO —e—rONONMM Y

oOCC o C OO OO CCOCOCOC OO0 rmerrrrr e
Lol ol od ol ok ol ol sl o ot Tt fat e ot Ia  iaFia g It o o fa ot (ot T e Tol o lal e o T o Tt 1ot}

FONICCNNLEITICORT NN OO MU @™ 3OMET MO NN
COoONOT VOV TO=MOYOT™ IO~ INTMRTNOCMOANC~NOoOIIN T
0 P 9 0 0 0 g 0 9 D 0 0 p0 P e g gt
COrRCITNCOICM =COITMEANCTNOITCMENOU—OND

MO —e (O NS O - AN

e loale . oo Nololalolelolelolelol el elelel ol ol ol ol ol ol of ol ol X o ol o
e e (N AN NN NN NN NN NN AN NI N NN AT AN S AN N

ManchatormMIreh oCorNTIrNecR o™ N U o~
AT IIIICV NN N CCCOOOEE OIS srSers e e

. g g g P - - P e g e P T P P P g g (P P P

~10-

e .-—w‘v ———

S ae ——




(@)
o)
(=7
o
[>o
=
b >
O
[
S n
(=]
F
=
X
(8]
Bi
S w
(=)
(Ve
=
x
-
e
om
= Q
ool [
(A0 o w
[.efa] (]
o W
or =
2] x
1]
~ o=
o v O
(] e.n 8]
g o 3]
LS tm o ow
3 R =)
F et
< z.
S = Ead
t 2=}
- -z
1] e
- -z %
Q B o w
[ g~ o
-t 0, ™
- A& .
| 2 =
—
O
(5}
c w
<
o
-4
x
o
o
S w
o
-
=
| »
O
ny
2]
o
=
X

FUNXTMHOOU MNCOT e~ e
O~ OM=MmMOMPECHNIOC
(AL B I O
VXTI ONNMRONNOe=O
e NN

ool o¥e of- ofc oX- of. ol ol of . of. ofooX. o1- o¥. oY =]
- - -

MONM ™ I = NS N
—mmNo~onoI~oNsC
0 2 2 8 0 00 g e
IFOMNLTI PO MNPNOO
NN S I N

[cofc ofc ofc of - ol of o o e of - o« oo o1 ol oT. o 1. ol &)
T T T T T T e T -

ICDLN"MOOOLCINT L
owvwvMmTE I ICNUr~ONC
0 0 0 0 8 0 90 0 000 00
ovoNNOoOMNOOMUI~cC O

[ala laglanlaghs 4= 2 2= JValVallolVafTol

(=1 ol - o ol ofe of. oX. alle ofs oo - oY o1c o] - ol )

- P g e g

TTMECANNOCMION OOT
oMnINOMMMO ITNNTOO
S 9 0 9 0 0 0 g 0 g0 g0 00
oo oOmnecOMmMN~oOO

[aalagls &= g JVallolTolVol

(=1 ool ofeel. of- o oY« of. o1-al Y« e Y- of o)
e

NONANDOYISN™Mr e
ont~oOMmeEs Mo oONSC
0% o 0 o & o0 90 9" 0000
SO NNV MIOCDO™~MIOTOD

IJFFIVCN et

coarocacohmcocOrrnO
e e e - -

NN TANOPTMO OO
COCOTVLICVANCOICOO
O O RO O RO RO
QO IV ANN~ONNNC

TN M

oo coONC

P g g g g P g =g P g

MO TMANMODO NN ™
CONMNINOMT M~ —MOs
0 9 0 0 0 g 0 0 0 0000 e
OTANNO™ IO ON—MNN
NN MAM Y 3

ocoOO oo oo O

P P P g P g T g

O ONNSNSONNMe g e~
CTMIICINC XM ™3 o0
® 0 0 0 o 0 5 0 00 g 0 g0 o 0
COoOIIFROMUNOVe=MmP DM~
ANANMMrMI I IIINVNN

oo oo O

- g e - P g -

MLEOUVNO=INANANOVANINOY M
QONZTINCHMT IO
0 ¢ 0 % 0 9 90 o0 Q0 000
OO OMVO ™I CO™3T0CoO
MI I FONONN W

cooc T TOoOCOO
- e NN N

MINCRDVCO=ANMINO~D
Ll A TV T gTalV IV otV oVl Vel
- - -

-11~-




M
D ANDERSON MOD®L B1)

TABLE I (Continued)
L TIMEBS OF PKP-CD BRANCH
N AN

VE
DA

o X

TR
(J0

800

700

600

500

400

300

200

100

2 MN SEC MN SEC

SP

MN

SEC

MN

MN

SEC

S EC

MN

k‘ Wumm P AT g e g e

NV ANOOWr OV MeErrer OO MU OME=UNON=c ORI ~UNMeEO oSO
MAN-COTOXT S OVOOOOCOCOONNEOOCOO~NNMIINERTCTONCTO ™
9 0 0 % o 0 0 0 0 0 0 0 g % 0 P 0?0 0 g 0 g " g 00 0 g 0 g 0 g 0 g 0 0 0 et g 00
FTOTO=MNE T MUNNT =MUESOrMUNSOMNEONSILCXTCOCNICTONSI OO~

e eCNANANNAMMMMM I I D e NN N M

ottt el et st ol ot St el et o e - eXe e oY= oo X oT- of-of- ol of- ok of- Y=o o¥eo}

P o e P P P e P O O O e TP e g P G g P P P gy e P O P O g P g o g O

M NOVNORNIIIINOTONLENMDMTMO ONOOM ™D O MNOOD
NSO~ OONNNIIIIIIIINNNNOLARNCOCOO™NMM IO~ DT
0 0 % 0 % 0 0 0 0 0 0 8 " QT O g Y et e g
MU OONIODONT OO OCONIOVCONIODCNNMS =ML MmN
e NANNNMMMMM ST 22O NN e NN NN M

o et el o SN o o o N o o o e o o N ot o o oL ofe oTe o X oT. Y- oF- ofe T oL oT- - oF X of- Y- oL oF- o

= T g O = P = O P P e g T O O e T g P g T g P g P g P P g P P 0 g P g P g O g

COOMUNAMOMOLVLINrCO™NIOCT—UronMOMTIO~I~T UM~ CHhOaIMN
OV IMANNFEr~COOOOCOOCODO " rANMMINNORTCO OO™NMmII
L I I A I T O I O I I I I O I B T O R I O I T T I T T T I B O I I I ]
OILXONILCOONIODONIOVODONIVOCANIOVOONSIOTONI~O™MNNC
ANANMMMMA T T IOC NN e NNy Iy

(=l ool ol ol oo ol ol ol el ol ool ol ol o ol ol ol (s ele e ofv of of ofle o« efc o« ofc of- ofo o] - ofc ol of« of ol ol v ofo of. of- o] o}

VP P P P g P g P P G g P P O P g P R g g g T G g g g P g g g O g P g g

~RECONNCIOOMCTHOLCOT O MO IOMTO MOV NCRUrMmMANOO L
OF\CU\M’\#M""NN"PFOOOOOOO"‘""NNNMM:SU‘\C\DPQO‘C"O"NMM:U‘
0 0 9 0 9 0 9 ¢ o * 99 9 g0 g LI I I D R I I I L I I N O I I D I I L
O:T\DQON:Y\O&ONﬁ\CGONS\DﬁONS@QON:\L‘@ON:@@ON"FOr-"‘!u“f\c‘
MM T I I NN e NANNNNMMA MMM I IICNCN

(=] o ol ol ol ol ol ol ol ol ol o o o« X of- alc oo o T, oXo efc oX6 oX, ole o ¥, ofe of- ol - of - oX- ol - el o= of. o< ofo - ofc o« o] - oo o] o

o O o o P P o P P O o P o P 0 P O o P O 0 = P = P o 0 T O P O e P e

—eNMOC M MONM OO MNOANN IO ICOMOOMe=C e INT O~
(= lagla Lol . of. of o Vo lVIVeIN Vol Vol gl ValVolVolVelVaiVel S oo S ofc of o Y T X ol o Qoo I 25 J¥IVel N o of - oY o)
8 0 0 o 0 0.0 0 0 g 0 0 0 0 0 g 0 0 P 0 g 0 0 0 0 00 9 0 00 0 g8 00 g0 o0 0
Cmf*O"N:w&oN:\DQ‘ONQ\OQONS\DGTONS\OQPMU‘«FOFMU‘FG"""‘V‘FO
£ g dValTallallalVo] et ecrNONNNANMMMAM I I rOrDn

(] ol s o ol ol ool ool ol alle oo oX- o ol- o« ofc oXo of - o oYo oF. olc of- all- af - ol o e al - of. o< ¥ ol - e. ol e o¥. oYoofc ol ofc Mo alo e a¥

T g T g O g T P P g P @ T g P e P g T T g P g P g $ g O g P e P g P g P g O g

T TONNAMT IO CTMMNMIOOMPT T MO IO MO INCDOIM™C

opwrS:MNNPFPCOOOOOOOOPPPPNNMM:mmObhmcOOFNmam
o 00 0 0 0 0 T e 000 LI I I I I O I UL I I I I O I I O O O I I O L I L A )
OCQON:\D&CN3\CQONQ\Cc.‘ONQKCQONS\DG:C(\:'\CQCN:\D@PMU"FU‘P
e e CNANANNNMMAMM A ™ o s T DN — el

(=1l > ol of- el o] - of ofv o]« éo ol of - of - el of - o - o - ¥ o] ofe o}e oJo ol ofo o]< offe efe ofs of- o ol A alepleateple gl ol o g oo Yo 8

O o O o O O o P o e T P e P P e O O T e O e O e O e O O P e e -

MM ICCNOMONNODNRE OO MEOT M O™ SMOVMOSINOONITM

oUIMANr OO CCORCTOO=rANAMINNCHORNO™N
L I R O A I T I I I I R I I O O I O T I I I O I I I I T I I L I L B )
ODONILCXTO MO mrMNOC MUt o= MnocANIVTONICTCNICo ™M
TererANANNNNMMMOMIT I I INNNY Lok ol ol ol ol o (o o (o ot [ag [ag]

o e T O e e T T T T T T T P T e e T T e -

COONIFOCINN = OIMAOMIV SO ™NONC=CND I~ONNONMNOON -
[=lVelTak. Kaslot ol af eleal o gl ol ol ol of . ol ofe of- o] - o~ o] o Joglo YTl odl od oN o [ogI= 3 JTalVelVel ol ol oMl X ol o
® 0 9 0 9 % 0 0 0 % 9 0 5 0 g 0 eV 0?9 b 0?0 et g
CONIOVLONIUO™=MNOTMUEROC"MNTONIVTONICTONI LT~
NANNNANMMT MMM I I3 IONONWN —eereNONNNANMmEmTMS S

[=1eel. ol of. o1 of . of- of . oL el o1c ol of- of. ofo of. of- of. oX. of. of. of - Jeatc ot ol - Y gl - slealo T o - fle ale JE= o« ol ol - 1o alo g e ol Yo}

o O g g P P P P g P O G T P P P g (P P P e T P P g e

COOURONVNOIOCM=0 PO ~MUrONY T NOYNT =T mOC CunMoNe
oV IIMMNrErOOCC N T OO0~ NNMMI IOV DTC O=NM
9 0 ¢ 0 9 % 9 0 g 0 0 0 9 00 0 0 0 0 P g % 90 0T O PNt
OO ™M~ MR OONIODr=MNEC~MUNC =M No =M ONI 0T
MMM T FIIOCNNON Lol ol ol ol o o TSN [ [aH o [osTaoTos Lag T o B= g~ 3= - JTaiVollaiVoll gl

[=1- - ol ol ofe of s of- of- o~ of- oX- 0. 1. of-oX- oY o ol o1~ - A= o1 Yo o J1- ¥ e ale Y- ¥o ¥ oo ¥ Y- Yo oYl alalealc o= ol - o )

e e = O = e = O = O = = e = P O P P = P = P P e = P = = = = T = P P P o

NO=AMINCEROC~NMI OO~ NMINCECRTCCO=NMIINC~ O O~N
O rrrr e e NANNNNNNNANNMMMMMMMEAMM T II I IITIIIINONN
o e O O P O = = O O O O O 0 O O O O O P O P O = O = O O O 0 = T o = = -

«]Z=

-




TABLE I (Continued)
AND ANDFRSON

% TIMES OF PKP=C

Bler

800

700

600

500

400

300

200

100

SEC MN SEC MN SEC MN SEC MN SEC ®N SEC KN SEC

MN

(2]

MN

MN SEC

nImean
NMINOO
o080l
MU~
[aglas g Tag k= §

[ oL- ol oX. of. o] =]

- -

~onsm
or-rNMIO
00 0 a0
NI CTVOO
I

cwODEX O
- -

--Oc o~
Volod ol ol el
e v 0 g0
Laaal" land ol =]
(TallalValValVol

[ ol o- of- oX. of ]
- o v

NI
Vol - olo Yol
e 9 ® 00
Laalanl"el o=l
-

oo oco

-

ounarma
~NMINO
o 0 0 g 0 o
NIFIOOOO
—ee0

ocoono
- -

co~ouis
(TolVel ot o1 - Y =]
o0 0 0 0 0
Moy
NN

oo

Lo ol o ol o

NOOCT O~
MmN e
DR
(ol ol -aladagl"s
Laalaglagk -2 4

oo

= e =

VUM
mIvOora
0 0 0 g 0
~O =M
IO

oo

- -

GO~ O
Inoroc
00 000
OoNzOxX O

-

[=]=l=lloT=
NN

MINO T
(Tol¥olValTalVal"y

= -

=13~

;’;ﬁ'ﬂﬂvwwirﬂw\'rw—uv--1v- r——




g

ERANCH
R1)

MODEL

OF PKP=-DF

NDERSON

BS
.}

TABLE I (Continued)
M
ND

€

800

700

600

500

400

300

200

100

SEC

SEC N SEC MN SEC MN

MN

| &)
vl

MN

B2
v,

MN

SEC

m
w

SEC NN

MN

NIFIMNOTHCINOXVNMOLONTMAENOXTONNNOMS M@ =M MOSINO
MAN—OCTONIMN=O O NITM=OO~ U MACC YOI~ O3 N=OIOON
9 0 0 0 0 0 0 0 0 o 0 g 0 g 0 o ¥ 0 0 0 D 00 9 0 00 g 0 g8 g0 g g0 g
FTOXO™MUNNO = MNLCOONIOTOMUNNC=NSFIOOT ~MNLCLO=MUN\C®

e e NNANNNMMMM I IIINNNECN SO g g

L e e o o o o e ot o ol et o o o SN e X ol ol oY oYe T oY= oF- oTc oY 0

T P g e P P e - g g P $ g e g (T g g (R P G g g g g P QR g g g P G g

OO0 O~ OUMANOXT CINT MOV ONTMLEXTOONONST—MMANC NN ™m
N T~ ONIIMANO O IMrO S NINOCONNNOT Y MO O~MOU ™=
O ¢ 0 0 0 0 0 9 8 0 P 9 PR T N0 e g0
MO OONI ORONMUNNOT =MNSOONS OO NSO ONIN T CNMUNNS
e eNNNNAMMMM MM o S 2 NN —re e NN

B PSS SIS PSS S S PSS S0 PSP PSS P P P I P 00 00 00 60 80 60 G0 €0 60 60 60 CC 60 60 60 0

P g O - O g P P e - T T e 0 g e T g 0 e P O P g OO T e O g O e e

X~ OIMNOOINMrCcNNOINIOCNLTTOCCO~MONNULINANN TN~
OV IMAIT O~ OVNITIMrEON N LCIMCOOIMC LT NLMOSMOONM
L T T R I I I I I I I I R T T I O T I T T B N O T T I T O T T I B T I I )
OCFITOOONI OO MUNRC=NIOCONINFOTMI VDO MUISDONMIND
ANANNMMMMMM Y o 2 3 NN e ANANANNNMM MM Y

[l ol ol o o ol ol ol ol ol sl o S o ol o ol ol ol e 01 e aXe o6 oXe oT+ off ¢ of » off o ale oXlv e« oX o oY ¢ all; oX - oo of - & - o)l o) o]
P T T e T e T O P T O T P P T T e e e e

SO N~O MO CMOOMO MO INSCoOOO I MEVOIOMUN Y ™
OOV IIMAN=CT OO MON=OONUIIN™O NN NSO IO NT-SMo
L L L A L L O e T O e O I N D L T L N B A L A B L L L L e
OFIVDONILOH = MINFO=MIOVCONINE DM CTONMNSTCONMNY
MAOMIIIIIICNNONDN e eNANNANNMOMMMM I Y

(o]l ol o o o o ol ol ol o ol o ol S« o« of eXo o« e¥o ol o1 ¢Xs efe ole ofo of - oo ofe ofc of- of . o1- o¥¢ af= of . Yo o] X oY of- o)

P g T g g P P g P e P g P e g g S g e (P g -

-0~ NI OMEON TSNS OMINENMCNONSMe=ANTTMO
OMNMNOCOLT~ O IN~CO OO INTOTONMT™ M MOt 3O~MON
0 % o 0 ¢ 0 & 0 2 0 g 0 o 0 00 o 0 0% g0 e g e g e
o CONICOONICHROC MU OCONSICHO MNP OONIONT NI NN
IO mereeANOINANNMIMMEA MM T I O

(el ol o ol sl ol ol e el v oo oo oXe oo oXo efs olle oXv oXo o¥o oXo ofo el e¥o ol efe oflv of. oXo of- alle of. ol of ol all- ol- oo ofl« of - ol ]

e O o O o P P P g T g T g g g P e T g P e O g $ g g O g T e 0 g P g O g

LN~ CXDOINO T~ IONOI OO I ™M= N ™
O OVIMNT™ TN OUNINT OO~ OIM™O XL O NODYPNMOODNNC NN IO
LI I R T I O T BB B B I SN B O N B R TN DN N DN T I R NN R B N B DN N DR B DA D B B )
owmom:omo—Mm>OPMmW¢0N30h0—mmhchamhoomamhm
[TalVel e NANANANMNAMAO MMM I 2 TN

(=] ol ol ols ofo eTo ofe o6 ofc o¥o oo oo oXe olv of- oo ofl- ol ole o]« of« ol X ofle o of- oY ol el ol ol ofe o ol oY oo ple plo g o plo Sle o)

o g P e T T O T g O e = P e O g T g O g P e P e g O P P

MNMANEOC R~ OUNMeErOC OMON IO 00OMPOXOCOT O™ Lo \CrmmMm e
OUNIMNOCOC DM OVININTOO ™ CNMNOO - UINMANOSUNMmT T INMOL MO L ND
O 0 9 @ 0 0 8 0 % 9 8 P 0 0 " p N g PO O RNt
COONILCRT = MNMNEONTT I OXCONISI O~ ON=M N COoONINR T~ NICHCO

—reerererCNONNNNMTTMEEMI Dy T INNDCOT —e—reeet

O X XLCXOATLLDXTOODDELITOEPNPNDDOOXLNTCT TN OC O

= = e O T P P T T T O P g O T e g O P P e T e e

O O~ U IN"OUMeECNOIC 2TONNFOC O IONNO~N PN
CSCaMN—CoOORUrIMANr-rTO~raN-CoCINOCTYINO YWt no
9 0 % g 0 0 0 g % 0 0" 5 0 0 0 g 0 0 9 0 g % g ettty
CONILXTO=MU SO rMUreOoNIOOT MmNt onCNIORON=MILCDoT N
ANANNANNMMMMMAM T 3TN —eereeeNNANNNNNMmM

(1. o1e eF. ofo of. of- ofo ofoal- o1v of- o« o - ole el of- ¥ o]- o ol ol ol oo oo 2= A Ao aY o ale A ale al o o o AT pl e Jo o Ao oo )

T P P P O P T P e P e -

OV aMANCCOOUNMEo N - IOoNOIOMNNNI=OMEOTOTIOMMN
O LU IMNOTONOVINMANTOTLCIM~COOVINCTOM=ONNC oMo N~
LI IR I T T I T I T I U I O I I I R I I I I O I I I O O O I I I O L O B )
OMUE =M OVOONICTONMNA O MIOVCONINEOC-NICHO™NIT O
MMM I I 3 T TNNON —rereNNANNNNMMMANM Ty

[T of- ol ol oF. ofo ol eXo af ofo ofo oY. os ol afe JYo o oo ¥ AN« ate oo ol o al el Y- Lo g~ Lo oo e al Xe gl - e o - el - JXe o1 -
O O o P o P = O = O e P e P P P T T T T O e O P T T P P T T P = -

[l ol od N [ogls IV alVol ol ol il ol o (ol I Vol Jc oo all el ol oV [o gl AV gVl ol gie sk o oS [ag i VRVe] ol oo ol oo
O et NNANNNNNNNNMATIMAEET AN IIIIIIIIIIN
e P - T P T T T -

)l




o

TABLE I (Continued)

TRAVEL TIMES OF P
(JORDAN AND ANDERS

800

700

600

500

400

300

200

100

SEC NN SEC 4N RC MN SEC

MN

SEC MN SPC MN SEC MN S3C

—NINANNMOSTNIICOMANCIONIT OO MO
PO ONIOORPONINOONDMM =N ~CNO
§ o 6 ¢ € g 2 ¢ 0 ¢ 2 02 g 8 0P g o 9 ® 0 g g g
NIV O~ ANMINE~DONOOme-AINANANMMmM
"ANNNNANNNMMMMMAMMMMMA I I IIIIII IS

0 o &0 @0 0 €0 O €0 A e A aC G0 6D A CO AW O AT &L OC &L O e W B XL e W
Lol ol ol ol el al ol el el ol ol ol ol ol ol ol ol ol ol ol ol ol o o

("o 2o Vol okl lVolV e To T IValVol of dVolVolowT. o X od- oY ¥ 35 4 o= AV d o 1Ta)
O=NOoOM~ONIORSRESOVINOOVMOMONNTCONMe
O ¢ 0 0 0 o % 0 9 00 0 0 80 90 80 gt et et o
DO A OO™ANMINOF T OO NAINN
NMAMMMAMMMMIIIIIIIITEIIIODNNDNDNNNG

Lol ol olc ofe ol ol- o X. ofs of. of- of. o1 of - o« o1 ol oY- ol of - oI o] o of - ol e Y- o of - o] o] o]
O P = O P P P P T O P T P P P O o P PO P P

OOWVWIPNOONWeErsR a2 2003IMOMNCOMe=NON~N
MENOOMEOTMIIIIOANO OO 0OMNODOON
L R I I I R I I I T I I R O R O O e B
OO NINOSNO™NMNINONTCORNOOT e N
MM 2 2D 3D NN DN

TOXTDXODHTEOTLDMODOOOOOOCTTOTOTO
Lol ol ol od ol ol ol ol ol ol od od ol ol ol ol ol ol ol o ol ol ol ol ol o

FFIOME O MIOODO OO 3@ O~ MO
:a«amwmccv-nmwcxosom:NocNmmmNmmon—
L I I O I N I B I I T ] 0 9 0 o0 0% 00 00
QOPNQWWQOO"NHQm\DFFQO‘OOO-———-NNNN
- {ValVallalValTalValTol - -

[ - ol o1 oXo o of. oY ¥ oo ple o= ale - o¥o Y aT- e aXe Yo AT Y- 10 Y- 1. Yo o1 e ¥C - o}

g g P g P P g g P P e P e g o IS PR R g g Qe P g G e P g

IO INANFIONONANID OO TN MANM
OWQSQ”SFOPN”MMNOQ\DMOU‘OLDONU\FG‘Ow

0 ® 9 0 0 0 9 0 0 0 0% g 0 g 0 g % g g P g0 g 0 g0
O\ONF‘\Q\DFQO\"NF\QU\OFI\QQO‘O"P"NNNNMN
(Vo) Tt e e e AN NANN NN AN

ool ot - al-aloal-aoale gl aloal-al gl gl oal- gl =gto Y- 1o ¥- T - a¥e ol -aloat-al- X -]

T P T g O g P P P o P e G g T g P e T g P g O g $ g P

VOMSOANMOMN = OO O VMM N M P ENEC MO
NOoONTMFOMNOTTIrXLLOINN = CrNO™MINe
0 0 ¢ 8 0 0 00 0 00 0 900 00000 g0 00 gt 08 g
OANMIVFONO=ANMINONDCOO~NNMMMII IS
et er e NN AN AL NN ™M @A (D s Y A Y ey A e M e

aloal-alspioal~ale al-gT- JL-al- 2140 o1~ X ~a¥e oLe ol oo - o1 Y- ol -l ol ol- ot ol -4

T E T O e O e T g T g P g g P g O g P g P g g

WhEICOIONONNMUEMNNIOCOITMUNTNOY I ONe~
MM =N ™MNOR NS ONMTOIONOI~ONIE™
L I I I I I I O O O B O B I I I I I I I I
NNV OANMINORDOCO™NANMIIVNNVOLOOOS
NANANNNNMMMMMMAMAMP I IIIIIIIIIIIIS

cal-al-al-al-al-ptete o~ ol o0 pT- 00~ 0T~ o0~ o= gT- 0= o0- 1= 2= A ale ol a0 oL~ al- X~ e - )

P P P = P O e P e T = P P P P e P e g = O g

OO = OO=R " NONONTOMe e O I ONe~
INIOMOOANNVOOT U NTOCANRNOO N O~
R I N I O I e O I O O O I I O O R L A A )
IO MINOETRO~NMITNOLCH oo D
MMM IIIIITTINNNDNNNNNDLE OGN

oo OO

= P O P v T P T g P O P P P O o P e e o = e e

SO =NONOM= I IS IOMIOH O CNOMTOM
WO INONNSOO™ O NNOIOIONV~DO®
0.0 0.0 9 0 0 0 0 0 0 0 00 0 0 e N 00 a0 ey ey
ANV O™ NN I INOROOC OO0 ™ rre
2 d'alval"alValvallallolVe] o e v o s, e sl g

ol -l JeTe Tl [l leloloTololololel =T ToloT =T
e e e NANNANANNANNANNANNANNNNNN NN

Lttt TalV-Tonl- ol ol lad e gk {TalVol o - ol-ol =1 oul o fagh= 2V alVel o o Xl =]

[Tal"al al" otV alValValV o[V alVolVe RV IV IV L JVoIVoRVolVeal ol ol ol sl ol ol ol ool ol - o)
Dlad el ool ool ol ol ol ol ool ol ol ol ol ol of ol aal ol ol ol ol ol ol ol

“15-

e m—— o v




TABLE II

FOR PKP-AB BRANCH
'NDBRSCN MODEL B1)

NCES
2

A
D
BP SUBTRACTED FROM 0O DPPTH

TRAVEL TIMES)

(™o

200 300 400 500 600 700 800

100

NIONRUMANMUENSCIIC I ONONINTO M~ ONM™
Nelagh ool ol elVals daglatlod gl le l. ol of - o1 of o ol o ol o p VeV IVoIV SV IV T = T )
0 0 0 0 0 0 0 0 00 00 g0 g0 0 0NN e 0o
MMM ANNNANNANANNN T e e e -0 0
(- ofo ele ol ol ofc of. ol of- efe o1 ol of . o1e of- oo o X o] ofoole efe ol oo ofo oXo ofs offo oYo of s ofc o]

NFITNNLOD=IDICULCOU MO0 IO~
IDNOD™ONITMAMAN=OO000 C 00T LD TDOOD OO0
@ 0 % 0 % 9 0 9 0 0 % 9 0 0% 5o oo % 00 0T PR
VNNIIFIIIIIIIIIIIONNOMNMOMOMMMANMMOOO
e e e e L e oo o SN o N N N A N S NN N N

OAOANTe=ONICOIOIONMNOOINOOTCTHOVUNMANNOON®D
NN~ OO VNI IMONNNNNT OO0
0 % 9 0 0 " o 0 0 P 0 0 o 0 g0 g 0 g0 90 a0 g0 g0 90 g 0
LW OV N NN NN NN NN NN O DN NN O O
[ =lValV oIV lVe [V IVo loll olVo LN o JVo IV o IV IV e JV TV IV IV JV N e IV RV o IV IV Vo RV IV SV IV AV o)

MO OONV ITONT—C Mo ~nNmMaNroOc o CcONTnNN
COONNIMNCINT—OCOCOo 0T ToODITOTHTOO
0 0 0 0 0 0 0 0 g 0 0% 0 % g 0 s 0 g0 0NN e
[TaiTalV ol ValV oiTolValVolValToll olValV o Tol Vol Vol Vol Vol kel ol Vol Vo Vol Vol UalV oYV o [Tl Vol ¥ o{Ve)

TMANMONOOMOOVI=O N~ NINTOONC O OCONImM
=2 Sl Vol ValVals 3 Jogloolal o b loN L od d ol 2 ol i ol Heolelelalolelelelel el -]
I I A N I O I I I I O I T I I I O I BN B Y B I}
\O\£ OLOWOOL\OOODOOOL O \ODOONOLOOOOOOCECO
IAIIIIITIIIIITIIIITIIIIIISIIIIIIINT

NI~ NN OLCNOO N~ OMN—OONC OO OOV IM
CXTLCOVNNINII I IIMNMAMNMMMMMAANINANCNONCINANINNNNNS
LI I I I I I I I I I I I I I I I I T I I I T I I )
VNVININNE NN NV DN DN DN DNV O
MAAMOMMMMEOMMMAMMO MMM MMM

DOIC VIO SUNMNMANTO S OUNI I IOMANNN ™
VNI MNMANANNNNNrE e e rere O
(I I O A I O N L O I I T I I I I I I I
FIIIITIIIIIIIIIITIIIIIIIIIIIIIIIFIFIO
ANANANANNANNNANANNANANANNANNNANNNNNINONNANN NN

nNCVOVNIIMA=COoOocDORNIINNIIIIIIIOMMOMMNNAN
> ol-of ol ol o ol ol ol ol Y oV e IV o AN VAV ofV o1V o JVoAN o[V AV o]V [V SRV ¥ X VoIV alV IV IV, IV Vo)
..!....'..!'I'..l'....'.l......‘l
ANONANANANANNN NN NN NN NN NN NN NN

o P o P P P P g P g R e g P P e e (e (R P g (T e e g g g P -

NCRTNO=ANMINOTCRO~NMINCHRONO=NMITNO
FITIIIACNCCINNNNDNOOOC\COCOO OIS S~

o O g O e O O e e

«16=

-

%’;1"-L44c?:-f"'.-ﬁii‘ﬁ"ngtQ’f3!‘Iﬂnﬁkhl—?'-;;lI'E'Flﬂllﬂiﬁ:Fjﬂ!'ﬂv*'\riuﬁ"w—wﬁv——‘fwufp————>~.__*_.,__.,A

=S




TABLE II (Continued)

(TO BE SUBTRACTFD YRO™M 0 DEPTH TRAVEL TIMES)

600 700 800

500

100 200 300

DELTR

M AN NMUNULDN
FOO=NMNOrRLO OO
0 0 0 0 0 0 00 00 e
NNVVYLVOVOVEOLCC O
(- - ol oleof. ol- o X of. of o o of - o]« o ¥. o}

OMO OO OT
BN DO RO =NMO
® 9 0 0 0 0 % g 0 00 0 e
NS~ OCTrO
[ T N o N N

woNMooOvINOIO
VO™ NMIINLCCr~CO
® 0 0 9 * 2 0 9 0 0 0 g0 g
Land = ode oL of- ol of. oo o of e ofs oY - of )
(Y elVolVolVoil oV AV IV AV VIV o IV TVo)

MMM IACNONG T~ O~
(gl =Lad o [alagk= & JValVelVel N ol o]
O 0 0 0 0 0 % 00 0 0 9 * g
oo cdoTocTcOD
[ValVolT ol Vol ValV el Vol o IV o To VoIV oV ol

FEO~OUITNONC
Ir~oOONCOoOTeTaNC
L R B B R O )
Lonl ol ol nall o ool - o1 o X0 oT. o< ol o]« ol ]
TIIIIIIIITIIFIT

IO ONOT M~ MOo
NI IO O~ OM
90 ¢ 0 00 900000
(YelVollol elV oV il oV eV elVolVelV eV o}V o]
MMM MM MMM Men

OOV NIFIOC O
FOONCNCOOOOO™rmrr
o % 92 % 9 0 90 90 98 90
JIIIIIIVNNNCCNDN
NN AN

~OOMMIOSRO T AN
[-oalolelolalolololelol ol ol g
0 0 % 8 0 o 0 90 0 0 g0
NN MR (N 0N (A A N (A D
Lol ok ol ol kX X o ol ol ol

VOO =AMINO~D
Ear 8 {TalTolalVolValVelValTalVgl
Lol el ol o ol ad S o o o ol o

-] 7=

’“""(?7—*‘"Niiﬂ'hu%“ﬂ“'ﬂﬁﬁﬁuﬂ..‘n‘-h—un7gmuww‘nu‘mw_~wﬁw“~P_~.~*“-*’*

et




TABLE II (Continued)

(TC RF SUBTRACTED FROM O DEPTH TRAVEL TIMRS)

100 200 300 400 500 600 700 800

DELTA

oo O NN NTOCOXTNENIIMANr—~CcOCOTTN OV IN I3
90 8 0 0 0 0 9 90 00 00 PPN NN Y SN et
o i I o L S S U S S S I B DL B B U LI U R U el B e =
€000 a0 At 30 €0 0 A0 6 0 0 60 &0 0 €T A0 & AC 20 €0 €T € G0 A8 €0 G0 €0 €0 €5 €0 €0 60 €0 €T €0 €0 60 €0 €0 €T €0 &0 &0 a0 &0 GO D O

N NN OO OO CVNIMANT==C OSSO IN MMM NN ™
COoOC OO eI IIIIIIIIIIIIIIIIIIIIIIIIIFINO
e P g & 5 0 0 0 9 0 9 g 0 0 0 0t 90 0 P 0% T g 0 90 g 0 g 0 g0 0 ® 90 90 o0 00 00
(ool el of- ol ol of. ol o¥o oo of. elo oX. alc afe o]« ofo olo o+ of. ofc o}« efo 1. ofs o] ofo o]« oJo o] efe ofo ale ofe ol o]« of. o]« of. all« of - of- o« o Lo of v o Yo ofo o] of o
L S Y S N S S S N N N e e o m g e S S S o N S S N S S N N S N N S S N S N T N

POOIITIINEeerO OO DNITMOMANNANNN~OCCOCOO T 0T o TODoRN
[alelololololalolol=TaT- 0. i<l deale Moo S -ale Noale o ale Joalo N o< Yo ol oal~ oo Yool e - ol of . ele o ole ol ofc ef. ol ofs o] of =]
o 9% 9 0 5 0 9 8 g ? 5 0 0 0 90 9 ® 9 0 00 9P 9 g 0 00 g Y PV g0 g0 g ® 90 0t 9 09 0
[oaloplo X« alle ploale o ale Yo ot oo of. ofe o], ofe o], ofv ofo gie of. ol- ofs o]« ofe ofv ol¢ o]« oX. ofc el. ofc of s of- ol ef-el. ol ele ofe ol of- of e olv ef- ool of-of =
[ValVelVolViVoiVolVoiVo iV oV ol Vo IV {Vo IV oV IV IV AV IV IV VoIV o IV IV oV AV IV IV IV IV IV IV Vo [N ofV IV efV e lVe [NV e lV o JN oV AV oIV ol N oJV 1N o}

foaleool ol pd ol TRl TRl 3= T olagTogloM oV ol ol ol el el ele ofe of - of« ol o ol o o lVolVelVelVo [TalVol ViV ole JTR- JVaTo¥- JC 2 JT.[T ol
[=al=alo X oaloalenlo ool X oo oaloalo - oo sl ea¥o sl wale sl ea¥o o« of¢ ol o efe o] o] v of= oX. o). ofc olo el ofe ol ol el ofe efc ole o] ol - gl e ol el ofv ol o] - of = ]
@ 0 o 0 9 0 g g 0 00 00 g0 g0 2% 20t et 0?0 00t g9 e o
[c ol - oll< o~ oo oo o oAl of. alle of - alle all e oX¢ o¥e ol-oTv oo of . el e of o ele ol ol = o ol o]« o] efo o]+ efs o] alc of . o of e o 1o ofe el ok« of o alo o). olc ol o - o] olv o o]
(Yol talTalV ol Vol Vall oIV alVolV ol ol Valt Vol Tol Val Vol ValT ol Tl T ol Vel Vol Tl T o Vol Vol Vol TolV ol T ol Val T ol T ol Tol Fal Tl UalTol gl Vol Vol T ol TalT ol T ol T ol T of

NI IONNer"merOoOoOO T O OCYCCrNNNINIIIIIIIaNMMMIT I
R - g E K I X 5 d sl olaaloalanl alasl olasloalaeloalagloalaaloalaaloalasloolaaloolasloolaaloolasloalaaloalagl, s logl el
T 0 0 0 C 0 0 0 90 00 00 0 S 0N 0 YRS RN DY YN N
ool ol al- ofc of- of- ofv of. o ofo ofc ol oX. oo of- ol ofc ofs ofe ol of- o] ofe ol - oo o ol of - o]. oo ol ofe ol - ofc ol ofc of s oo e ] ofo ofc ol of - of. of - of . of - of =]
I IIIIIIIIIIAIIIIIIIIIIIIIISIIITIIIIIIIIIIIINIIIT

TSR LCONNNNE I I IMOMANNNTANNNNNNT QO™ O™ 00O ™™ -
coooocCcoocoooo oo O OO C OO O C OO C O OO OO T
® 2 0 9 0 8 0 0 9 0 0 0 0 0 O 0 0 O P 0 P N B OO g RPN RSO0
COCCLCLOOOVLCOVLOOWLL OO OOOLOLOOLCC\LCOL L OO0 O O\CC\OCOOLT

MANMAOANNNE e OCOCOO C O oo XToONTOX TS O~
ANANANNANNANNANNAINANNNOAINNAN NN e rr e T e e P P T e
9 0 ¢ ® g * e 0 0 0 90 90 00 g0 9 0 9 e P gt 9 0 2t 80?0 st

T T O = P e P = P = T = P T T T P O P O = ™ P o = P P P " P 0 P = P P P P O P O P = o
L R I A I N R I I O O I I I I T I O I O T I T T O I T O O O O I O O O I O O I
e P T O e P = P e o P o = P e P P P P P o P P P e P e T P P e P T e e

O=NMIV RO C~ANMIVr e~ O~ANMINCER T O~ NMIrO~TCOO™NMICONT
e e NANNNNNNNNNT MMM M ITIIIII IOV NDY
e e O O O o P e = = P = P o o e o o P = P = O = P = = = = P = O = = = e P P O = P

-

"“,

L2



700 800

600

B1)
AVIL TIMES)

TR
500

P PKP-DF BRANCH
MODEL

ON

(TO RF SURTRACTED FRCM 0 DFPTH
400

TABLE II (Continued)
100 200 300

m

LT

?

NANANNCINANNNMTM S T ORI X CCr MM A NN OT I 0N ECOMECICON O T~ T rarOoMaceCrNyyr
(ValV TV TVl ValVallal Vol Vit oI UaiV ol Vol ol Vol Pl iV o [Tolt SINIVOIVQIVO IV AVRVSIVal ol ool ol off oo oife SE- of e &Fe Ao il ool el el @]l ol o S ag Lo Vog = - ST TAIVAlT oIVIV NIV SIVoT o o o N ol o o
L I D D D NN DN N NN B NN DL N D L D R BN R L N B D D N D DN B DL D D D DN RN B BT BT R R B R D DU DR BN DN RN DN DA N DA DR B R B BN DR D D R RN B B BN I DN A I )
[ el e S S S Bl LI S Sl L S A B e el BRI e S e e e el e et el sl ol ol el 91 > e &= of « &1 oflc of oY« ol - ol ol o of - of - oo ol - ol - of - o of- o s of - of - f - of - of - & . o}
fo ofe o> of- oX> o ofls of - o« ¥ oY oTe ols s ¥ - ofl< of . o¥s oo e ofv ol ol of - o« effc ofloo¥e e all - ol o¥c af- o] o o< ofv' o' of- ol off- ofval¢ oY- ol - A - Fo ol e of - of o oA ol ol dlo o~ of - oY col- el o> of- o al- e of - of- of - of- ol - &

NalVolVealVaiVolVolV ol oo ol ool pulle ol e oo glopl el ol ol e o Tagl= NalTal¥ols el od o Il il Alant = dVolo gl gVl oR og= do ol ud d ok o~ d p-alaglV=l- X =EogiVole ol ool oo B TalVel ol ple ol o
VeVl ojVeilaiValVoiVolVolVoiVolValVolV iV Vol ool ool ool ol ol sl ol ol ool il e alle ot el ol o offe el ol e tloglopl T el el ol of oot oV ot [agTaalaglag b= 2 o5 JTolPaiTol TV oV iV oV iV iV AV IV IV iV o)
LI B T I T R I D N DN I I T D D I O A I A I O A D DR I R DA B IR N DR D DN DA I I DR I IO I D R BN B R BT DR IO DT R B I A B )
[ oXs oo ol ol o« o e oo of o e ellv oo gis ale o~ oo oX v Se e T« gl olle & il e~ o o« e offv ofe of- ofo 1o 6]« ee el of - - ef- alo ol =a¥ < pl< alv J eal gl oa¥e s o« oo ol o allepfe Al s g e e So A« o - oo e A g« ¥ Yo o g
7777777777777777777777777777777777777777777777777777777771777777-’7777

c
ﬁ
nH,
~

~ee O CC AN N NI~ rANI~ONI~ONNNR M OMI O Mt O~
lelololelololalelololololalalolal Xl ool ol od ol ol ool ol ol od ol VNI SN E X T oo ToN TN oalagToalogic g 3 JVSTTolVolToltalVolVolVol o ool ot o M- ofo of e of v of - of - el - offe of = o o ¥ o ¥ o 3
IR I T T T RN B I B L T U A T R I R N B N D N A I R T D D I RO I I R R B I B R I R R B IR N R T I B R B TR B R B B B I R
oo oo CcTOoTOC OO O oo OO C o OO OO OO T OO
[ValVo ViV Vo Vo [V iV lV IV oV oIV oV ol e iV iV eV oV oiVo N o iV oV of Vel ViV il <V oiN oiVolV iV oV o VN iV ol iV ol VoV o iV o IVlY iVl ValV IV ol ViV IV IV VeV o IV lV iVl oIV IV oV olV oIV ViV oiN iV AV iV [N IV IV V)

COCOO0OCoOCCOmr—NrCIInNMM I NI~ COoONMI IO MO mUNRC It OrMICTOO0rMa I 2CNCO
C OO COeT o O COCOOCCOCC oo ChOOOOOCOCOTrmr ™~ errerr ANANNTMMAM 2 2 I NDNRINEIC OO S\ OO0\
LN R I I R DO D B R I O I I I R B O I O A I I R R I I R R D DT R I I I RN IR R DT D RN A I DA RN IR R A B I I T T B B B L B A
s oo CcCrocnC oo rOCc OO OO T OO OO C OO C OO OO OO
[TaltalVolValValValloTiallolVallolUalali ol Vel T al VT [Vol Valtal tal Vol ol Vol Vallol gl ol Valtal TalTal ol tol PalTol Vel T otV ey Vol Vol T ol T ol Vol Var Vol LotV ol taiT ol U ol Vol T ol Vol T el T ol T o I Ul TRl Tl Ua Vol Vo [V ol¥ ol Valt ol T ol T ol o)

SO DN o O eSS PO OO0 O~ MM IO~ X OCOAMNC CrMa OO INOUETO="0NMI I NCNOC
FTAIIIIITIIIIIAITIIIIIITIIIIIIC IOV reeer s orccccaoc oo o oo C o
LI I I R I D B B I I 2 A D R D D D I D A DL I R DR D D D B B D I D T I I R DN IR DN B I DO TR D D IR R DR DR IR I D I B B B B B B B )
[o ol =X~ o ofo oflo o ol oo olle ofs g ol o= oo ofe vloale afe s all« afe alo o} ollo olf- of e ol ol of- olle ofs oo o= olo ol o+ oo ale ofe oll. ol ol ol> o> ofs ol ale el ale ofs of ol afv oi- of- ofe of. <. of- gl oo ol - ol ale ol ofo ol ol of ¢ ol of
FIIIIIIIIISIIIIIIIIITIIIITIITIIIIIIIIIITIIIITIITIIIIAIIIIIINIIIIIITIIIAISIIIIINY

CT TV TOCOCOCOCOr~~ANNNCTMIVU NENEOOCO~ANMIIOCHROCONMIVNERTOC ONANAI IO
o C OO OO0 C OO0 CCOOCOCCOCCOCPNOOCOCCOOmrrmrremrer ANANANNNNNNMMAMme™MI MMM e
LI T TR R NN U I NN TN D TN D N B N R NN DN R DN RN BN B DN Y B DN B RN B N RN T R BN BN DR T N B TN R T N B B R B R DAY B BN D B B R R B
DL AE A CAE O O OIS I I S P B P I P P P s P P P e s S s IS I I P S S S I S P S s P P O I I e IS I P S IS IS S IS IS P P IS S S P P
A O (R (A A B O B A V) AR Y 04 ) ) () ) (8 Y ) () £ ) (3 0 ) 17 (3 ) ) 09 (57 37 4, 073 (38 43 () 09 1 93 (V) (3 0 £ 07 £ (1) () (7 () (¥) (%) (3 ) () 07 () 0) 0 () 0 (9 03 ) oy 9 ooy

lashaalaglsnlaalosiasiaaloals doslaglont=2- 2= = £ 4= 2= 2= &= (ol gl 7 aiTo VaiVollotVol ol st gl aut> ol valle floglenlal ol od s Laglagls dValVel ol ol af o e e Loglo lo o Lags JTRlS dVaiVolV iV oiVel Vel iV o)
ANANANNIANANANNANNANNANNANNANNNANNNANANNNNANNNNANANNNNMMO A MM MMM IIIIIIIIIIIIIITIIS
0 % 9 % @ ¢ @ € g & ¢ T g 0 s 0 g P e S VPPN %N N g% gt g % g% g " g gt Y g g g g
[FalValValV iV iV ol ViV o VeVl ValV ol Vol Vel Vall ol el Vol ValtalValV iV ol ValValta Vol ValVal VoVl Vol Tl Vel Tal ViU ol Vel Vol Vol ViV ol Vol Vel Vol Vol Vart o ¥ o IV i Vol Vol Vo Vel Vol Vol TalTo [Vl ol Vel Vol T ol V ol Vol Vol Val¥ of Vol Ui Vel
NN IOV N AN N IO NI AN AN AN AN TN AN NN N NN AN NN AN N AN AN N AN NN AN N N AN AN N A N A AN N AN A AT AT AT A e e N N e e N e e AN e e e

PO NN Cr e e e e e e O e O AR T T Co CCOmrmrANNANMMM I NI I OLCOOLC OE O~
1!11!11-11(1!0!11!1!11!1:111111111.’111111-’1.‘1111.’1?1..62222222222222?27222222222222
L I I e e I I O A O O O N B P O O N O A I I O I I ) ® 0 0 % o 0 o * a0 s 2 N 00PNty gt
]33373333333333333333333333333333333333331333333333333]33333]33333‘3333
o o = = O = P = T = O = T O P o O e O P o T o e o o P T T e T O P o o e P = T O e ™ o o = T P o (= = P = O O T P P = = O -

CrNMINC OO NMINENTOCANMINE DO ONMIL CRT T O NMINCRAAONMIN L OO NMIN O o O
e e NNNANNNNNNNMMMAMAEMMMI I I I ITIIIICOCCNRCENINC SO OO OO OO NSNS S S S

T = P e P g P g g P P T P e T e P e O e P g P e P (e P g e P P g P g P g g P g P g T g (g P g (e g g P g P g g g P g g g

—

=19~

“Wumm e e —



— ———— —y— - )
i
!
3
[° raNCAroO MmNy Oma™ \
(=] [aall- ol ulag = JValVel o ol ol Vel Vol g |
[} ® 0 0 9 0 9 0 g 0 0 0 9o % 0 |
Q CONMINO~DODO O
m (] L et ol od _
N 4
13
<9 NI~ ANO—CUMANNSIOON IO CMrr e MUNOUNAN=C = O TMmMN=NANCSND I (
1 @ 0 9 0 9 0 g 0 g 0 g 0 p 0 g 9 g 0 0 0 0P 0P 00 s ® s 0 0 00 0% 0% 00 g 2 g 0 g oo o
* A COCCOOOCEOCOCOCCmmmmeraNNNANMMMMI I FNNNECR N CCORO™mNm V
) (8 e
= 3
- —
[o o od
@m
@] OO ON
e o el JVal. of Val-aF Jof - J X ol 3
4 % (] e 0 0 o 0 00 8T 0" 0 o0 0 7
ane = Nellols dochagl ol ol od elel ol ele]
o &) R
L% =
o t =
L 4
0 wu=
=4 EC © S 2. ok Loalagle Vol o o XTale of of Vol ofle JYTale Jlo YT RIVoR- d- ol Vol ol Tal od ool ad Vol i Tol )
(S17p} [=] NSNS~ IO ONI~TNONTOUr™mNe"e= N0 1
= = . (] O 0 9 ° 2 0 0 0 0 0 0 PPN PR QR O
= [ 3150) -8 O MNCCMT=ICONOTANNOANLCOMPOIONCOITN
M gc Il < ' —reraAANNMmMMA I I INCnOe~roooconce i
[ -8 - I
B b= !
. [ i
HO Q. |
Qaz B U OO INOCC TN i
< o m oFMILcoOIOHUrMMIN !
2] ' " % o 0 0 0 g 0 90 90 g § p |
=z m CO™NMU OO~ MUN~OC if 4
i - -
| 3= |
e, |
—C
i)
>~ Qe OO~ oYV OMO—m
< L roNIrINNOV~ O ML
o i 0 90 90 o0 000 e
(2] m CIM=CNIOXTOANN~D
& O~rANMIVNCRToCO=NMIVNCARTCOO~NMINCN I CC=(NMI OO CANMI NV OO~ ONMINO~OCC=NMINC ™
(SR ok ol ol il ol ol aal oo T  [@M o (o It ot [t (o ot laglaslaglae Laalaglagloalaalo o = g5 4 g 2= - 2= 5 2= . JValValVoll ol V ol Vol plT ol it olVelV ol ViV aiValV VoIV el Vol ol ol ol ol ol ol a8 '
[N !
(=

"“‘

»



TABLE III (Continued)

100 K™
AB-DF

CEPTH

? B=-BC

CD=DF BC=DF

CD-RBC

=D

AB

NIZLTA

MECT TN — O ENT 3
ICNILCHTCTTDT U
LA A I T AR AR NS A I T B et
CceamMmMIre~acCea™

' -

NN NENT O I T~ Or O MMM ONCN IOV~~~ T IS
(alolalalel ol oo o loats dValVol il ol ad o = Vol e gl llaal Vol ol al ot Vol ol g & ol i Valealagl ol dVo L ogl o oM sl Tl ollo ol ol Ve

OO CC oo COoC O OrmrrrmrANANNMMAEAMI I oo aoCo o~ rme N~

OrNMIN N O NMI NI OO O~ NI NCN T OO~ A MINER X AN X C=OAMIC O~
e e e ANNANANNNNAANNTMMAMACMTMI I IIIIIIICCTCIN NN NN S S ool om e e et e

P e O - G e P P g P e g P P e P P P g P P e P P T T P g g P P P T g g (g g P g - P g g

——— -

ol el ol iVl ol XN L odo ol adeN o of g
M INOICIOcINCO
e ° 0 ¢ 0 @t 2 s 8 s o
VNI DOOo00

CIICCOTCRTOC=mIANNIONCOcoOTICcIoCe
IO UNOCANO I~ CrINnNcaxomMmhregr=Mha=Oar~r~rr~oe™
T % 0 8 0 % 9 0 0 00 2NN NN Y
OrMUT~MPOT I~ OMONMOCMACOMN " NOOIC™
] Latanl od aaia [a (o TagToolaaloo = 2= &= gValVgiVelVelVel ol o o ol - of - ol -l el )

MMProI-—CcCcCooocuo
ceneomMosoorr~ao o
¢ * g " 9 0 0 8 et et o @
[Tl i glTglVel. ol ofaglVal o Y ]

-0

(@] plwlagle e ol ke ofo of o o lVol Sle
Mmoo CxaoocdocamMNeT
LI D D T I I I I B O
CIN-ONILCOrO =T

RN - ——

=21

i ———

—

B s o e S

v -

T —

»




TABLE III (Continued)

OF PKP BRANCH

DEPTH = 200 KM
AB-DF

AB-RC

BC=DF

Ch=-n¥

Ch=RC

AB=-CD

DELT2

ONOLO™~=ONC M
~—NIFIOCOCOoOTT~C
O 0 0 0 8 5 0 9 0 00 g 0
CANMIVOTTOO™ONMm
' - = -

NI MNCOCOEIINFOMIOMOROORC"ONOTPO IO LERINIIOOTCANNr N

COCCOmrmNMmMM L O TO=NIONO =M DOMN =N ™= INT M AINANSAC MO C
0 0 ® o 8 00 gt e e gt st P g e e
cOooOCoCCcCoOCOCcOCrrmrreremrANNNMmMMAMI IO CROCOO™NANM
—e—re

—TCIIMTNLCMOOr~—
Lot o daalVoleatooTo of o cle liVologl Mol ol
9 0 9 0 0 0 00 90 0 0
CNITMANN™—CO0000

NI VOMMO=CCC™NONNR SIS MONONO
cCoNCOUr—ONMrerrerNI~OIOMNT I-T NI INCD
R R R R R R I R R R R I O I
ONIOO=IPOONNT I~ OMROMPOITU oM —uno
] Lol ol ol ad SN [a TeNTosTocTagl= g g5 qVolValToiVelVolVel ol ols of - aleake ol o

MI=O~ OOV ounm
OO NOTSNMANNMY
® ® 0 0 0o 0 0 % 0 0 ¢ 0 o 0
O™ NIV~ DONIVXO

Ll o ol ok ol oV ]

oMM IO
[ealaglValVolooloalogk gVl ol el otV
LI I I I A I R B I NI I I )
KINO~MUN~ONEMC 0O
] Lol ol ok o oY)

OrANMINLATCO~ANMINULETOC~ANMINONTCOC~ANMICONRC O~ NMINCRXT O AMIVERTOO=ANMIING
e eeeANNANGRNNNNNNEMTEMEMTMEMIIIIIIIIIIC N NN C OO O\ OO SN~
e e P e P P T T T P T R T T T T T O P T o P o P O P O o e P P e P O P O O O = T T o O P O O o e =

2=

e S ———

D e R e i At

— -

i



BC=DF

N ITTISONST
—ICONOr o™
LI I A I I I I A B O )
orrAMIOCr OO r—am

-

g e —

— NS o eE RO ANNOOVNOCO O OANNOUr MANNT I=rANCNONYIOCT IO
CodoOrrAMMIrcrTormToXorm O~ Mmoo IoMOMOION IO
O 9 0 5 0 0 * o 0 0 g 0 9 Y 0 0 9P s 0 0P 9P 2% e P 0t 000 0 g8 g e

TABLE III (Continued)

DEPTH = 300 KM
RB=DF

AB-BC

CD-DF

CD=-BC

AB-CD

COoOCC OO COOOCOO0rrmrmrmemrmr NANAMTEOIMI AN OCCN~RO0T o0 ~NN™M

—————

or~CaNIIN~OoO U

O ragoNM~NONm—OCO
I I I R I I I I I I I B |
NI ANN-—COCOOO

TNDNONNOMI NN MITONOINT O = OooONN S
(221781 ol aiVel o oagl ol ealle 61 ol ole ol b g § ol Tal TV pl ot - alVE - dotle Tolle [oolVe
® C P 9 0 0 0 g P9 T g et NN g0y
ONINONIFNONNDEIT TIP3 TINTANCOITNOS

TerANANNMMIMIT INNNOS OO O
-

OIS TS
aNoOMcoUrNO-~XO
L L N N L R
CrrAMIChoCONI X T

-0

Mmoo~ CoonNt NOeme
OO0 OCNI DO
CRNC T B I T AN B O B B B
CANO=MNSCNI e

RN ——— 0

=23~

'ujp‘aﬂﬂﬂahﬁ‘“"‘ﬂﬁﬂﬂ"‘ﬁ“)”nwwWmew'—vh—.-‘..«

CrAMIr OO AN R OrANMIV RO OoOrAMIrChTcoo=NMINCRCCO=ANMINERTOC C=NMINL
Lkt bl ol ol ol ol ol sl o [ IaN [o IVt o o o\ ot [agTagagTanloglaglac aalagagie- g 4 3= U 5 S5 3 JVolValVollolValValValVoll giVaiVelVieiValVolValN olVolvalVolVol Ll ol ool ool ol ol o

o o e o P B T T P e P T e e e e O T e 0 € O e £ e O P e O e P e O P g P e e e g e

-



TABLE III (Continued)

NCFS OF PK™ ARANCH
MODEL B1)

TFEERE
D ANDFP

RSCN

D
N

400 K™
AB=DF

E+
£

Ch=0P 3C=DF

CD=RC

AB=-RC

R-CD

A

TOXOIr~LCOMm—OCO
PO R IR I R I |
L=l ad o - JTalVel o Wlegl ol o o]

1 -~

N IO INOTE T MOMT NN MO~ O~ ND O I Mo
[slelelelalal oo bgt & J'aiVel oo Ml gk Vol sl aIoVi ANl ol ooV o oAl o\ T le Mol Wol el d oglogle ol ool M Tol oufe ol Tal oN o ¥ el
% 2 0 9 0 9 0 5 0 g T g P a0 " e g Pt Y g e
(olelalelolelalalolalololololol ol olad ol g odot o ol oot aglag ogiag K- 2= JC ATSITolValVollal ol oo ol ef o pllel L od oX Lo I o}

- =

COoOrmNgeremIoII™ny
foalVel-al el o S VT NT. Vel oot o
o e o 0 90 a0 0 % 00 0
U ImANNT—COCCO

~INOO AN T I MINIC U IC o CT T I
CFCOMCTNMOMN N IIINCTTITANSMOCMN—OT OO
LI I I O L O L L O A O I I I D O O L I O O I B )
—OMUSOoONNTOMCONNO=UNO™U TN CM~ 2T ™M
] AN IICrrrCeCtrIcxcc o

-

—OIICLOU MO ONT MU
SxMILCIoLCIMANMI
s 0 9 0 0 0 9 0 90 0 0 e
(el ol o aslTaiVal. ol oal anlaglVal ol o ]

—

U MNT O (NG O NP~ OC e~
NI O3y
e e ® g 0 g % 0 0 0 g0 g
CuymeC NI cTONISONC

T - -

CrNMICCrR T M ICCAMINCA O C=ONr IO NMINrINCC CANMNMIINCEROC=NMaI e
e NANANNNANNNNNMMMMT MMM I I T IIITIICNN TN rDNCECEL S OCN SOt~
O O o e P P P e g P e T T T e T e T e T e T e T e P e T P T e P P e e e T T T T e T T e e e -

2=

s =)

lr“‘ﬂm‘vmm—”—\r—wwuﬁ-“m~ﬁ~~—w,

g’"f“«uﬂ?ﬁf"?"‘ﬁii‘ﬁ"ua;!hﬁﬂ!‘!ﬂnshﬂﬁ““".ﬂ’aﬂﬂ"I!N'*;['




TABLE III (Continued)
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TABLE III (Continued)
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TABLE III (Continued)
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TABLE III (Continued)
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POLYNOMTAL APPROXIMATION OF PKP TRAVEL TIMES

Teledyne Geotech (1968) developed a scheme to fit phase travel times with
a polynomial approximation formula. The approximation equation was

of the form:

2 2 3 2 2
T=A + A8+ Ah+ AL + ALK+ AL + AL + AAh + Aghh

where Ai (i = 1,9) = coefficients

A = distance in degrees

h = depth in kilometers.
In general, the equation works well without A8 and A9. For this report, this
method was adopted and used to compute 7 coefficients for all PKP branches.
Values of these coefficients are tabulated in Table IV. This equation is con-
venient for computer application because it does not require long tables in

the memory. The error of approximation is shown in Figures 2 through 5.
Travel time errors compared against the Bolt's PKP table are calculated and
plotted in Figure 6. When compared with Figure 1, polynomial approximations
are worse than tables at the end of branches, but better in the middle range,

a result demonstrating that a polynomial approximation is comparable to

theoretical tables in application.

Geotech, 1968, Equations for computing phase travel-times, Appendix 3 to
Technical Report No. 68-28, Garland, Texas.
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B FACTORS FOR PKP

Perhaps because of thz confusion in mixed branch arrivals, PKP amplitude-
distance relationships are not well defined. Shurbet (1967) made a compre-
hensive study of PKP amplitudes for the range of 110°-180°. For each event,
he used the amplitude of the event at a station near 125° to normalize all
observations. He encountered difficulty with multiple arrivals in the caustic
zones; so, in general, his results give only the largest amplitude observed
at a given distance. Engdahl (1968) reported some 70 PKP amplitudes with a

comparable number of PKKP and related amplitudes from two earthquakes.

Sweetser and Blandford (1973) defined the PKP amplitude distance rela-
tionship by using log (A/T) of events reported by ISC bulletins, the VELA obser-

vatories, and LRSM station bulletins. Only shallow events were used in this
study. Although this work is perhaps the most comprehensive study of PKP

amplitudes to date, even this table is available only as a single value at
each given distance in the caustic zone, and applies only to shallow events.

Computing theoretical PKP amplitudes depends not only upon the earth's
velocity model but also upon the earth's anelastic attenuation (the Q model);
Q models of the earth vary widely among researchers. To circumvent the un-

certainties that Q models caused, we adjusted Q so that the calculated surface

focus B factors fit Sweetser's and Blandford's results (1973).

Julian's ray tracing program, TVT6, allows us to compute the correct
amplitudes of each ray takin~ account of divergence and anelastic absorption.
We made a minor modification to this program to convert the amplitudes into
B factors, The procedure can be described in two steps: 1) Veith's and
Clawson's Q (1973) mantle model was used and B factors were computed for tele-

seismic P waves. Q values of each layer were then adjusted to obtain good

Shurbet, D. H., 1967, The earthquake P~phases which penetrate the earth's
core; Bull. Seism. Soc. Am., 57, 875-890.

Sweetser, E. I., and R. R. Blandford, 1973, Seismic distance-amplitude rela-
tions for short period P, Pyiff, PP, and compressional core phases for
A > 90°; Teledyne Geotech, SDAC-TR-73-9, Alexandria, VA.

Veith, K. F., and G. E. Clawson, 1972, Magnitudes from short-period P-wave
data; Bull, Seism. Soc. Am., 62, 435-452.
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agreement between the theoretical B factors and Veith's and Clawson's obser—
vations; 2) we adopted the Q model at 1 Hz of Gilbert et al., (cited in
Doornbos 1974, p. 409), and calculated B factors for PKP waves. Adjustments
in the Q of the core were then made to match the resulting B factors for PKP-
DF with those of Sweetser and Blandford, with the exception of the mixed

branch amplitudes in the range of 145° to 158°.

Figure 7 compares the starting Q models of the mantle and the core, as
well as the final result, with our adjustments. To match the rising B factors
beyond 80°, values of Q are sharply lower at the lower mantle area. They are

also somewhat lower in the inner core in order to match the result of Sweetser's

and Blandford's B values.

Figures 8a and 8b show travel times and distance-amplitude relationships,
respectively, for all PKP branches. Note that the amplitude of CD branch is
larger than the DF branch's in the 1100—151o range.

Theoretical B factors for nine depths for all PKP branches are shown in
Figures 9 through 12; Table V gives the B factors for each branch for nine

depths. For comparison, the practical B factors of Sweetser and Blandford

are plotted in Figure 12.

Doornbos, D. J., 1974, The Anelasticity of the Inner Core; Geophys. J. R.
Astr, Soc., 38, 397-415.
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TABLE V

B Factors for PKP-AB

800

700

600

500

400

300

200

100

3.35
3.40
3.43
3.45

3.38
3.42
3.44
3.46
3.47
3.50
3.51
3.53
3.54
3.56
3.62
3.59
3.61
3.62
3.65
3.67
3.69
3.70
3.72
3.74
3.76
3.77
3.79
3.81
3.83
3.85
3.88
3.91
3.95

3.40
3.45
3.47
3.50
3.52
3.53
3.55
3.57
3.58
3.60
3.62
3.63
3.65
3.67
3.68
3.70
3.73
3.75
3.76
3.78
3.80
3.81
3.83
3.85
3.87
3.89
3.91
3.94
3.98
4,03

3.43
3.48
3.50
3.53
3.56
3.58
3.59
3.60
3.62
3.63
3.65
3.67
3.69
3.70
3.71
3.73
3.77
3.78
3.80
3.81
3.83
3.84
3.86
3.88
3.90
3.92
3.94
3.96
3.99
4.04
4,10

3.45
3.51
3.55
3.58
3.61
3.63
3.64
3.65
3.67
3.69
3.71
3.73
3.74
3.76
3.77
3379
3.82
3.84
3.85
3.87
3.88
3'90
3.91
3.93
3.95
3.97
3.99
4,01
4.04
4,08
5.13

3.49
3.55
3.59
3.63
3.65
3.67
3.69
3.70
3.72
3.73
3.75
3.77
3.79
3.80
3.82
3.83
3.87
3.89
3.90
3.91

3.

3.54
3.61
3.65
3.68
3.70
3.72
3.74
3.76
3.77
3.79
3.81
3.82
3.84
3.86
3.87
3.88
3.90
3.94
3.95
3.97
3.98
4.00
4,01
4,03
4.04
4.06
4,08
4,10
4,12
4,14
4.19
4,22

3.60
3.68
3.71
3.75
3.77
3.80
3.82
3.83
3.84
3.86
3.88
3.90
3.91
3.92
3.94
3.96
3.98
4.01
4.02

3.70
3.77
3.81
3.85
3.88
3.90
3.93
3.94
3.95
3.97
3.99
4.00
4,02
4,04
4.05
4.06
4,08
4.11
4.13
4.15
4.16
4.17
4.19
4,21
4,22
4.24
4,26
4,27
4.29
4.31
4.33
4.36
4.45

145
146
147

148
149

3.46
3.47
3.50

3.52
3.53
3.55
3.57
3.58
3.60
3.61
3.65
3.67
3.68
3.70
3.72
3.73
3.75
3.76
3.78
3.80
3.84
3.83
3.87
3.90
3.95

93
3.94
3.96
3.97
3.99
4.00
4,02
4,05
4,07
4,10
4,15
4,20

4,04
4.05
4,07
4,08
4,10
4,11
4,13
4.15
4,17
4.19
4,21
4,25
4,25
4,41

150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173

=4 5=

174
175

176
178
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TABLE V (Continued)

B Factors for PKP-CD

800

700

600

500

400

300

200

100

3.68
3.68
3.68
3.68
3.68
3.68
3.69
3.69
3.69
3.69
3.69
3.70
3.70
3.70
3.70
3.71
3.71
3.71
3.72
3.72
3.72
3.73
3.73
3.73
3.74

3.69
3.69
3.69
3.69
3.70
3.70
3.70
3.70
3.70
3.70
3.71
3.71
3.71
3.72
3,72
872
3.73
3.73
3.73
3.73
3.74
3.74
3.74
3.75
3.75
3.75

3.74
3.74
3.74
3.74
3.75
3.75
3.75
3.75
3.75
3.75
3.76
3.76
3.76
3.76
3.77
3.77
3.77
3.78
3.78
3.78
3.79
3.79
3.79
3.80
3.80
3.80

3.78
3.78
3.78
3.78
3.79
3.79
3.79
3.79
3.79
3.79
3.80
3.80
3.80
3.80
3.81
3.81
3.81
3.82
v3.82
3.82
3.03
3.83
3.83
3.84
3.84
3.84

4.84
3.84
3.84
3.84
3.84
3.85
3.85
3.85
3.85
3.85
3.86
3.86
3.86
3.86
3.86
3.87
3.87
3.87
3.88
3.88
3.88
3.89
3.89
3.89
3.90
3.90

3.89
3.89
3.89
3.89
3.89
3.90
3.90
3.90
3.90
3.90
3.91
3.91
3.91
3.91
3992
3.92
3.92
3.92
32,93
3.93
3.93
3.94
3.94
3.94
3.95
3.95

3.94
3.95
3.95
3.95
3.95
3.95
3.96
3.96
3.96
3.96
3.96
3.97
3.97
3.97
3.97
3.98
3.98
3.98
3.99
3.99
3.99
3.99
4,00
4,00
4,00
4,01

4.02
4,02
4,02
4,03
4.03
4,03
4.03
4.03
4.03
4,03
4,04
40.4

4.13
4.13
4.13
4,13
4,14
4.14
4.14
4.14
4.14
4.14

4,153

110
111
112

113
114
115

116

117
118
119
120

4,15
4.15
4.15
4.16
4,16
4.16
4.17
4.17
4,17

121
122

4,04
4.04
4,05
4,05
4.05
4.06
4,06
4.06
4.06
4,07
4,07
4,07
4,08
4,08

™M T O
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127

128

129
130
131
132
133
134

4,17
4.18
4,18
4.18
4.19
4.19

135
136
137
138
139

3.74

~

4.20
4,21
4,21
4,22
4,22
4,23

&

3.75
3.76
3.76
3,77
3.77
3.78

3,77
377
3.78
3.78
3.79
3.79

3.81
3.82
3.82
3.83
3.83
3.84

3.85
3.86
3.86
3.87
3.87
3.88

3.91
3.91
3.92
3.92
3.93
3.93

3.96
3.97
3.97
3.97
3.98
3.99

4,02
4.02
4.03
4.03
4,04
4.04

4,09
4,09
4.10
4.10
4.11
4.11

140
141
142

143
144




TABLE V (Continued)

B Factors for PKP=CD

800

700

600

500

400

300

200

100

3.79
3.79
3.80
3.81
3.82
3.83
3.85
3.86
3.88
3.90
4.94

3.80
3.81
3.81
3.82
3.83
3.85
3.86
3.88
3.89
4.02
4,05

3.85
3.85
3.86
3.87
3.88

3.88
3.89
3.90
3.91
3,92
3.93
3.94
3.96
3.97
4.00
4,02
4.07
4.17

3.94
3.95
3.96
3597
3.98
3.98
4,00
4,01
4.03
4,05
4.08
4,11
4.17

3.99
4,00

4,05
4.05
4.06
4.07
4.08
4,09
4.10
4.12
4.13
4.15
4.18
4.21
4.28
4.45

4,12
4.13
4.13
4.14
4.15
4.16
4.17
4,18
4,20
4,21
4,23
4.26
4.33
4,42

4.23
4,24
4.25
4.25
4.26
4,27
4.28
4.29
4.31
4,33

145

4.00
4,01
4.02
4.03
4,04
4.06
4.07
4.09
4.11
4.17
4.23
4.29

146
147
148
149

3.89
3.90
3.92
3.94
3.96
3.99
4.04
4.12

O =N
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153
154
155

4,34
4,37
4.43
4,52

156
157
158




TABLE V (Continued)

B Factors for PKP=DF

200 300 400 500 600 700 800

100

4,03
3.99
3.96
3.94
3.92
3.89

4,06
4.02
3.99
3.96
3.94
3.91
3.90
3.88
3.87
3.86
3.85
3.84
3.83
3.83
3.82
3.81
3.80
3.80
3.79
3.78
3.78
3.77
3.77
3.76
3.76
3..75
3.75
3.74
3.74
3.73
3.73
3.72
3.71
3.70

4.13
4.08
4,04
4.02
4.00
3.96
3.95
3.93
392
3.91
3.90
3.89
3.88
3.88
3.87
3.86
3.86
3.85
3.84
3.83
3.83
3.82
3.81
3.81
3.80
3.80
379
3%79
S
3.78
3.78
3.77
376
3,76

4.17
4.12
4.09
4.06
4,04
4.00

4,24
4,18

4.29
4,24
4.20
4,17
4,16
4,12
4.10
4.09
.408
4.07
4.06
4.05
4.04
4.03
4.02
4,01
4,01
4.00
3.99
3.99
3.98
3.97
3.97
3.96
3.96
3.95
3.95
3.94
3.94
3.93
3.93
3.92
3.91
3.91

4,36
4,30
4,27
4,24
4,22
4,18

4,44
4.39
4.34
4.31
4,29
4.25
4.24
4,23
4,21
4.20
4.19
4.18
4.17
4.16
4.15
4.14
4.14
4.13
4.13
4.12
4.11
4.11
4,10
4.10
4.09
4.09
4.08
4.07
4,07
4,07
4.06
4.06
4.05
4,04

4.46
4.45
4.43
4.42
4.40
4.36
4.34
4.33
4,32
4.30

111
112

4,14
4,12
4,10
4,07
4,06

113
114

3.88
3.87
3.86
3.85
3.84
3.83

3.99
3.98
3.97
3.96
3.95
3.94
3.93
4,92

4,04
4.03
4.01
4,00
3.99
3.98
3.98
3.97
3.96
3.95
3.95

4,16
4,15
4,14
4,13
4,12

.11

<29
4,28
4,27
4,26
4,25
4,24
4.24
4,23
4,22
4,22
4.21
4,21
4.20
4.19
4.19
4.18
4,18
4.17
4.17
4.17
4.16
4.16
4.15
4.14
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3.82
3.81
3.80
3.79
3.79
3.78
3.77

4.10

124

3.91
3.90
3.89
3.89

4,09
4,08
4.07
4,07
4.06
4,05
4,04
4,04
4.03
4,02
4.02
4,01
4,01
4.00
4.00
3.99
3.99
3.99
3.98
3.97
3.97

125
126
127
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128
129
130
131
132

3.88
3.88
3.87
3.86
3.85
3.85
3.84
3.84
3.83
3.83

3.94
3.94
3.93
3,92
3.92
3.91
3.91
3.90
3.90
3.89
3.89
3.88
3.88
3.87
3.86
3.86

3.77
3.76

3.76
3.75
3.75

133
134
135
136
137
138
139
140
141
142

3.74
3.74
3.73
3.73
3.72
3.72
3.71
3.70
3.70
3.69

3.83
3.82
3.82
3.81
3.80
3.80

143
144
145
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CONCLUSIONS

In this report we presented a set of PKP travel times and B factors
computed with the Jordan and Anderson model Bl. While arguments for the
adequacy of the adopted earth model(s) are not in the scope of this report,

the presentation of various tables and curves is novel and convenient for

r—

direct user application. The effort can be repeated in the future when

better velocity and Q models become available.
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